Background/Aims: Both the Acute physiology and Chronic Health Evaluation (APACHE II) score and mean platelet volume/platelet count Ratio (MPR) can independently predict adverse outcomes in critically ill patients. This study was aimed to investigate whether the combination of them could have a better performance in predicting prognosis of patients with acute kidney injury (AKI) who received continuous renal replacement therapy (CRRT). Methods: Two hundred twenty-three patients with AKI who underwent CRRT between January 2009 and December 2014 in a Chinese university hospital were enrolled. They were divided into survivals group and non-survivals group based on the situation at discharge. Receiver Operating Characteristic (ROC) curve was used for MPR and APACHE II score, and to determine the optimal cut-off value of MPR for in-hospital mortality. Factors associated with mortality were identified by univariate and multivariate logistic regression analysis. Results: The mean age of the patients was 61.4 years, and the overall in-hospital mortality was 48.4%. Acute cardiorenal syndrome (ACRS) was the most common cause of AKI. The optimal cut-off value of MPR for mortality was 0.099 with an area under the ROC curve (AUC) of 0.636. The AUC increased to 0.851 with the addition of the APACHE II score. The mortality of patients with of MPR > 0.099 was 56.4%, which was significantly higher than that of the control group with of ≤ 0.099 (39.6%, P= 0.012). Logistic regression analysis showed that average number of organ failure (OR = 2.372), APACHE II score (OR = 1.187), age (OR = 1.028) and vasopressors administration (OR = 38.130) were significantly associated with poor prognosis. Conclusion: Severity of illness was significantly associated with prognosis of patients with AKI. The combination of MPR and APACHE II score may be helpful in predicting the short-term outcome of AKI.
Introduction
Acute kidney injury (AKI) is a common medical condition, especially in those critically ill patients, such as major surgery, sepsis, trauma, cardiogenic shock, low blood volume and use of nephrotoxic drugs [1] . Despite continuing advances in the treatment of kidney diseases, AKI-related morbidity and mortality remain high. It is reported that AKI in the intensive care setting is associated with mortality of 40-60% [2] . The incidence of AKI in general hospitalized patients varies from 2.0% to 20%, while it is as high as 22-67% in the ICU [3] [4] [5] . A nationwide, cross-sectional survey [6] investigated 374, 286 adult patients from 44 hospitals in China. The results showed that the detection rate of AKI was 2.03%. Thus, it is estimated that 1.4 to 2.9 million people with AKI were admitted to hospital in 2013. The Centers for Disease Control and Prevention (CDC) data [7] demonstrated that the incidence of AKI increased by at least 20 times between 1980 and 2005. It was also found that the risk of developing AKI in patients with chronic kidney disease (CKD) was 7 times higher than that of non-CKD patients. Meantime, recent studies suggested that patients who survived an episode of AKI had the risk of developing CKD, progression of pre-existing CKD, end-stage kidney disease (ESRD), and death [8] [9] .
The development of AKI is the consequence between the acute insult and subsequent activation of inflammation and coagulation. Platelets play an important role in the processes of coagulation and inflammatory, and it has been shown that platelet activation exacerbates renal injury [10] . Recently, Jansen and colleagues found during renal ischemia reperfusion injury, necrotic cell-derived DNA led to platelet activation, platelet-granulocyte interaction, and subsequent neutrophil extracellular trap formation, leading to renal inflammation and further increase in tissue injury [11] . P-selectin (CD62P) is an adhesion molecule expressed on the activated endothelium and platelets, involves in the initial attachment of leukocytes to inflamed vascular endothelium [12] . P-selectin of platelet surface is considered to be the "gold standard" marker of platelet activation [13] . However, it can't be widely used in the clinical practice due to the high detection cost and strict laboratory requirements. The MPV is calculated by automated blood analyzers, and is thought to be a marker of platelet activation in recent years [14] [15] . Elevated MPV is also considered as a novel prognostic indicator in critically ill patients [16] [17] [18] [19] . Moreover, some studies demonstrated an inverse relationship between MPV and platelet counts in critically ill patients. Emerging evidences suggested combination of platelet count and mean platelet volume may be more clinically significant than platelet count or MPV alone [20] [21] [22] . To the best of our knowledge, however, little is known about the association between MPR and prognosis in AKI.
Continuous renal replacement therapy (CRRT) is a major treatment for severe AKI, however, most of the current studies are focused on the ICU, the data of general hospitalized patients is rare. Therefore, we retrospectively analyzed the etiology, prognosis and risk factors of severe AKI patients who underwent CRRT in our whole hospital for 6 years. In addition, we investigated whether the increase in MPR or the combination of MPR and APACHE II score has prognostic value in these patients.
Materials and Methods

Study design and patients
We conducted a retrospective single-center study in a 1, 800-bed university hospital in China. All consecutive patients with AKI who underwent CRRT between January 2009 and December 2014 were screened. This study was approved by the hospital ethics committee in accordance with medical ethics standards. Informed consents were signed by all enrolled patients. AKI diagnosis was based on serum creatinine and urine output value, according to the Kidney Disease: Improving Global Outcomes (KDIGO) clinical practice guidelines [23] . The inclusion criteria were (1) patients with AKI who underwent CRRT; (2) aged ≥ 14 years; (3) length of hospital stay ≥ 48 h; and (4) complete record. The exclusion criteria were as follows: aged < 14 years, ESRD, less than 48 hours of hospital stay, missing serum creatinine value within 48 hours after admission, incomplete data. Patients were classified into survivors and non-survivors group based on the outcome at the time of discharge. Patients were also divided into MPR ≤ 0.099 and MPR > 0.099 group based on the optimal cut-off value of MPR.
Continuous renal replacement therapy
The criteria for initiation of CRRT for AKI were at the discretion of the nephrologist. CRRT was performed using the Aquarius bedside haemofiltration machine with an HF1200 hemofilter through a double-lumen 16G catheter inserted into the internal jugular or femoral vein. The model of CRRT was continuous veno-venous hemofiltration (CVVH) or continuous veno-venous hemodiafiltration (CVVHDF). The blood flow rate was at 150-250 ml/min with an effluent rate of 4000ml/h. No protocol was used to make the decision to cease CRRT treatment. In general, the duration of treatment was taken 24h continuous or 5-10h daily, according to patient's condition. Low molecular weight heparins, unfractionated heparin or argatroban anticoagulant were used to maintain circuit patency. Heparin-free anticoagulant was used in the patients with a high risk of bleeding tendency, and the circuit was regularly rinsed with normal saline. Besides CRRT, all patients were treated with conventional treatment, such as fluid resuscitation, vasopressors, anti-infectives, respiratory support, nutritional support and vital signs monitoring.
Data collection
Data was obtained from our hospital electronic medical record system, a computerized system used for daily patient documentation, and verified with the written records of each patient. General information on demographic, clinical data and CRRT associated data were collected. Clinical data comprised admission diagnoses, admitted to the department, comorbidities (diabetes mellitus, hypertension), severity of illness, hematological and biochemical parameters, drug administration and mechanical ventilation use. The ICU in this study refers to department of intensive care unit, and Surgical intensive care unit (SICU), emergency intensive care unit (EICU), coronary heart disease intensive care unit (CCU), respiratory intensive care unit (RICU), Cardiothoracic Surgery intensive care unit(CSICU) neurosurgical intensive care unit (NSICU), neurological intensive care unit (NSICU), etc. CRRT associated data included vascular access, treatment model, the time of CRRT initiation and total duration of CRRT. Severity of illness was assessed on the basis of number of organ failure and the Simplified Acute Physiology Score II. Baseline value was based on the lowest value before CRRT initiation. For some patients, serum creatinine and urea concentrations at discharge were lower than that before CRRT initiation, and these values were considered to be the basal level. Glomerular filtration rate (GFR) was estimated using the simplified MDRD formula. Modification of the Diet in Renal Disease equation: estimated GFR = 186× (SCr level in mg/dl) -1.154 × (age in years) -0.203. The product of this formula is multiplied by a correction factor of 0.742 for women. MPV was calculated by automated blood analyzers. MPR was calculated as the ratio of MPV to platelet count. The initial treatment value was based on the CRRT initial treatment.
Statistical analyses
Quantitative parameters were reported as mean ± standard or median and interquartile range (25th, 75th percentile), and qualitative parameters were expressed as number and percentage. Continuous variables were compared using the independent two-sample t test or Mann-Whitney U-test. Categorical variables were compared using the Chi-square test or the Fisher's exact test. The predictive ability of MPR and APACHE II score were assessed with the area under the ROC curve method. Optimal cut-off value was determined by Youden's index. Multiple linear regression analysis was carried out to assess independent relationships between MPR and other variables. Univariate logistic regression analysis was performed to evaluate risk factors associated with the prognosis of AKI. All variables with P < 0.05 in univariate analysis were entered into a multivariate analysis. A Hosmer-Lemeshow test was performed to verify the goodness of fit. All tests were two-sides and P < 0.05 was considered statistically significant. Statistical analysis was conducted using SPSS 21.0 (SPSS Inc., Chicago, IL).
Results
Baseline characteristics
During the 6-year study period, a total of 708 patients who underwent CRRT in our hospital were screened (Fig. 1 ). Of these, 292 patients were identified as AKI. Of the 292 patients with AKI, 1 was excluded due to aged less than 14 years, 12 were excluded due to length of hospital stay <48 h. Another 56 were excluded due to inability to obtain complete record. Thus, 223 patients were finally enrolled. Of these, males and the elderly were more common. Hypertension and diabetes accounted for 41.3% and 25.6%, respectively. ACRS was the most common cause of AKI (15.7%), followed by sepsis (15.2%) and trauma (13.9%). The median hospital stay was 21 days. Of 223 AKI patients, 115 of whom were survivors and 108 of whom were non-survivors. The overall in-hospital mortality was 48.4%, and the mortality of patients with ACRS was higher (51.4%). There were significant difference between the two groups in age, renal function, hospital stay (P < 0.05). However, no significant differences were observed in other variables (P > 0.05). Demographics and baseline characteristics of these patients are summarized in Table 1 .
Clinical characteristics at the CRRT initial treatment
The comparison between survivors and non-survivors are given in Table 2 . Number of organ failure, APACHE II score, WBC, MPV, MPR, serum ALT, serum total bilirubin, serum urea and serum potassium in the non-survivors were significantly higher than those in the survivors ( P < 0.05) . However, the urine output, arterial PH, platelet count and mean arterial pressure were significantly lower in the non-survivors (P < 0.05). There were no significant differences in other variables between the two groups (P > 0.05). The comparison between between MPR ≤ 0.099 and MPR > 0.099 group are summarized in Table S1 . For all supplemental material see www.karger.com/doi/10.1159/000488694. Similarly, there were significant difference between the two groups in number of organ failure, APACHE II score, MAP, RDW, MPV, serum albumin, serum ALT, serum total bilirubin and serum urea (P < 0.05).
Comparison of treatments between survivors and nonsurvivors
The variables that differed significantly between survivors and non-survivors were the percentage of mechanical ventilation use, vasopressor administration and femoral venous access (P < 0.05). Table 3 .
At post-CRRT treatment, there were significant differences in WBC, platelet count, and MPR between survivors and non-survivors. No significant differences were observed in other routine blood variables (Table S2) .
Analysis of related factors of MPR at the CRRT initial treatment in patients
To assess independent relationships between MPR at the CRRT initial treatment and other variables, a multiple linear regression analysis was carried out. The results revealed that platelet count and MPV at the CRRT initial treatment had significant linear relationships with MPR (P < 0.05). However, other factors such as age, number of organ failure, liver function and APACHE II score had no significant relationship with MPR. The regression equation was: MPR = 0.372 -0.001 × platelet count + 0.009 ×MPV.
MPR for predicting in-hospital mortality in AKI patients
ROC analysis of MPR for predicting in-hospital mortality in AKI patients was performed. The area under the ROC curve of MPR was 0.636 (95% CI, 0.563-0.708; P < 0.001). The optimal cut-off value of MPR was 0.099. The sensitivity, specificity and accuracy were 55.7%, 61.1% and 58.3%, respectively. The in-hospital mortality of patients whose MPR > 0.099 was 56.4% (66/117), which was higher than those MPR ≤0.099 (39.6%, 42/106), and the difference was statistically significant (Chi square = 6.276, P = 0.012). To assess whether a combination of MPR with APACHE II score could improve the prediction value of in-hospital mortality, ROC analysis was performed. The results showed that the AUC was 0.835 (95% CI, 0.782-0.888; P < 0.001) when the score was used alone, whereas it increased to 0.851 (95% CI, 0.802-0.901; P < 0.001) with the addition of MPR to the score. The ROC curves are shown in Fig. 2 . 
Risk factors for prognosis in AKI patients
Multivariate logistic regression analysis of risk factors was performed. In order to exclude the multiple collinearity effects of variables in the regression model, stepwise regression method was used. The results demonstrated that vasopressor administration, number of organ failure age, and APACHE II score were independent risk factors for adverse outcome in patients with AKI ( Table 4 ). The regression equation was y=12.322 + 3.641 × vasopressor administration + 0.864 × number of organ failure + 0.172 × APACHE II score + 0.028 age. The Hosmer-Lemeshow test indicated that the goodness of fit was satisfactory (Chi square = 4.501, P = 0.741).
Discussion
In the present study, we compared the clinical characteristics of patients with AKI who received CRRT between survivals group and non-survivals group, and investigated the predictive value of MPR combined with APACHE II score for in-hospital mortality of these patients, using retrospective data from 223 patients between 2009 and 2014 in our hospital. The results indicated that the severity of illness was significantly associated with prognosis of patients with AKI. Furthermore, this study revealed that a combination of MPR and APACHE II score performed better in predicting short-term mortality in patients with AKI.
Despite all advances in knowledge regarding the pathogenesis and treatment of AKI, it is still a relatively common complication in critically ill patients and is associated with mortality independently of other risk factors [24] [25] . Because the etiology of AKI varies widely, the prognosis is not the same [26] . Our previous study showed that the overall mortality rate of AKI patients in the hospital was 31.9% [6] . In this study, the all-cause mortality of patients was 48.4%, which was higher in the patients with ACRS (51.4%). Furthermore, ACRS was the most common cause of AKI in the present study. ACRS is characterized as the development of AKI in the patient with acute cardiac illness [27] [28] [29] . Previous studies have shown that the incidence of AKI in acute decompensated heart failure and acute coronary syndromes was 20-45% and 9-20%, respectively, while in cardiogenic shock, up to 70% of patients might develop AKI [30] [31] [32] . In addition, our study showed that sepsis and trauma were also common causes of severe AKI. Sepsis accounts for 26% to 50% of the etiology of AKI in developed countries [33] . It's worth noting that trauma has become a new and important cause in community-acquired AKI in developing countries, especially brain injury due to traffic accidents [34] . Similarly, our study showed that trauma was the third leading cause of AKI. Therefore, trauma should be regarded as an important preventable cause of AKI.
Several studies have suggested platelet activation exacerbates renal injury [10] [11] . Our previous study [35] also showed that in rat renal ischemia-reperfusion injury, P-selectin was widely expressed in renal tissue, especially in renal tubular epithelial cells. Furthermore, inhibition of P-selectin could ameliorate cell necrosis and inflammation. In the present study, we compared clinical characteristics between survivors and non-survivors and found that MPV value at the CRRT initial treatment was higher in non-survivals group, however, the value of platelet count was just the opposite. It is reported that thrombocytopenia is common in critically ill patients, and is associated with an increase in incidence of AKI as well prolonged ICU stay [18] . MPV is a universally available parameter with routine blood test. Elevated MPV is an indicator of larger, more reactive platelets resulting from an increased platelet turnover. Recent studies revealed that MPV levels were positively correlated with platelet activation, and high MPV represented a risk factor for overall cardiovascular mortality [36] [37] . In addition, the high MPV was also related to poor prognosis in non-cardiovascular disease critically ill patients [38] . A retrospective study including 349 patients with AKI who underwent CRRT showed that MPV levels were in a positive correlation with the APACHE II score, and MPV was an independent predictor of mortality [39] . However, recent studies suggested combination of platelet count and mean platelet volume may be more clinically significant than platelet count or MPV alone [20] [21] [22] ]. Consistently, our study showed an inverse relationship between MPV and platelet counts. Furthermore, we found that the patients in MPR > 0.099 group were more serious condition, and MPR had predictive value for in-hospital mortality in patients with AKI. The optimal cut-off value of MPR for mortality was 0.099 with AUC of 0.636. The AUC increased to 0.851 with the addition of the APACHE II score. The mortality of patients with of MPR > 0.099 was 56.4%, which was significantly higher than that of the control group with of ≤ 0.099 (39.6%, P= 0.012). Also, there was a significant difference in MPR at post-CRRT treatment between the two groups. Platelet count and MPV are two main characteristics to evaluate platelet activation [40] . Our findings demonstrated MPR may be a reliable predictive prognostic marker for severe patients with AKI. Although the AUC of MPR was relatively low, the combination of MPR and APACHE II score could increase the predictive ability. Thus, we suggest MPV should be performed on all patients with AKI , MPR should be calculated and combined with APACHE II score to assess the prognosis of AKI. In this study, multiple logistic regression analysis indicated that average number of organ failure, APACHE II score, age and vasopressors administration were independent risk factors of AKI. A recent multi-center study [41] evaluated risk factors of AKI in China, they found independent risk factors for AKI were advancing age, male gender, hypertension, and CKD. In addition, the predictors of mortality in patients with AKI were advancing age, tumor, higher uric acid level and increases in APACHE II and Sequential Organ Failure Assessment (SOFA) scores. Similarly, our study results suggest the severity of illness and extrarenal organ failure are still important risk factors for death of patients with severe AKI. Therefore, the prevention and treatment of extrarenal complications is the key to prevent and slow down the progression of AKI.
Our study had several limitations. First, due to the retrospective observational design with its inherent biases, the control of confounding factors may be insufficient, although data were collected from medical records with a presumed high level of accuracy. It's well known that there were many factors affecting MPV, such as antiplatelet agents, smoking, hematologic diseases, malignancy, inflammation, or any recent transfusions [23] . However, it was difficult to obtain all the factors. These could have an impact on our results. Second, some patients did not have pre-admission blood routine and blood biochemical indices. Although we made an effort to obtain them, a few data still could not be provided. In fact, this was common in clinical practice [36] , especially in developing countries. This may result in less accurate baseline data. Third, MPV levels were followed up for a short time, rather than continuously monitored, which made the significance of the study limited. Lastly, this was a single-center observational study, not a large, multi-center study. Thence, the generalizability of the study results might be limited.
Conclusion
We analyze the etiology, prognosis and risk factors of severe AKI patients treated with CRRT for 6 years in our whole hospital, and further explore the role of MPR in them. The results show that the combination of MPR and APACHE II score may be helpful in predicting the short-term outcome of AKI. Besides, the severity of illness is closely related to the prognosis of AKI.
